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® IVIethod for detecting nucieic acid. 



® A method for detecting nucleic acid including the process of reacting a sample nucleic acid with a proe 
nucleic acid and analyzing presence or absence of a nucleic acid to be detected-probe nucleic acid hybrid into 
the reaction mixture obtained comprises the processes of: a) reacting a sample nucleic acid with a probe nucleic 
acid; b) applying a label only onto the hybrid formed in the reaction mixture obtained in the process a); and c) 
detecting the hybrid labelled in the process b) by utilizing said label. An immobilized probe for nucleic acid 
detection to be used for the method for detecting nucleic acid according to claim 2 comprises a probe nucleic 
acid immobilized on a carrier, wherein said probe nucleic acid is capable of hybridizing with a nucleic acid to be 
detected. 
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METHOD FOR DETECTING NUCLEIC ACID 



BACKGROUND OF THE INVENTION 



Field of the invention 

This invention relates to a method for detecting nucleic acid utilizing the hybrid formation reaction with 
two kinds of nucleic acids having complementarity, and a method for detecting a gene inherent in gene 
disease utilizing said method. 

10 

Related Background Art 

When single-stranded DNAs or RNAs have complementarity to each other, the portions having 
complementarity are bonded to become a double-strand, thereby forming a hybrid. As the methods for 
75 detection or quantitation of nucleic acids utilizing the hybridization reaction, there may be included various 
methods such as the Southern method, etc., which have become one basic technique in various genetic 
engineering methods such as cloning of gene, gene recombination, screening of desired gene or diagnosis 
of disease by use of test sample gene. 

As the analytical method utilizing hybridization of nucleic acid, there has been generally employed the 
20 method, in which a probe comprising DNA or RNA is applied with a label for detection of a hybrid, the 
labelled probe is hybridized with a sample nucleic acid, and the hybrid formed is detected by utilizing the 
label imparted to the probe. 

As the method for labelling probe, there have been employed the method in which a radioisotope is 
introduced into probe, or the method and so forth in which a compound and so forth necessary for emission 
25 reaction, color formation reaction, fluorescent reaction, etc. is introduced into or bound to probe. 

As the probe, for example, nucleic acid fragments directly separated from animals, plants, microorgan- 
isms, etc., cloned nucleic acid fragments cloned according to predetermined standards, oligonucleotides 
synthesized by a synthesizer, etc. have been utilized depending on the purpose, etc. 

With development of genetic engineering, utilization frequency and application range of the analytical 
30 method of nucleic acids utilizing hybridization are also enlarging, and it has been increasingly demanded to 
have a method which can perform analysis with good sensitivity by simpler operations. 

For example, labelling by use of a radioisotope, while it has the advantage of having good detection 
sensitivity of hybrid, etc., due to handling of a radioactive substance, expensive reagents, special instru- 
ments, devices, etc. therefor are required, and also the operations are accompanied with danger. 
35 In contrast, non-radioactive labelling as represented by labelling with an enzyme utilizing the fluorescent 
reaction of biotin-avidin-anti-avidin antibody-fluorescent dye complex, while it has the advantage of perform- 
ing labelling and detection by safe and simple operations, has the drawback that detection sensitivity is 
liable to be lower when employed for labelling of probe. 

Also, in various analyses, nucleic acid fragments having nucleotide chain lengths of 100 bases or more 
40 may be frequently employed as the probe to be labelled. Although such relatively longer nucleic acid 
fragment has the advantage that it can be labelled with relative ease, synthesis by a synthesizer can be 
done with difficulty, and therefore there is the drawback that cumbersome workings such as separation 
operation from living body, cloning, etc. are required for its preparation. 

In contrast, a nucleic acid fragment with a length of less than 100 bases has the advantage that it can 
45 be synthesized easily by a synthesizing instrument However, it has the drawback that labelling, particularly 
labelling by nick translation or an enzyme cannot be easily done. 

Further, when it is desired to analyze plural kinds of nucleic acids by use of piural kinds of probes at 
the same time, for discrimination of which probe is contained in the hybrid formed, it is necessary to apply 
labels different from each other to the probes corresponding to the respective nucleic acids. However, such 
50 operations are extremely cumbersome. 

On the other hand, application of the analytical method of nucleic acid utilizing hybridization for the 
detection method of a gene related to disease is now attracting attention. 

As the diseases induced by mutation, etc. at gene level, there have been known various gene diseases, 
for example, phenylketonuria, hereditary hemoglobin abnormal diseases such as thalassemia, etc., OTC 
(ornitine transcarbamylase) deficiency. Duchenne type muscular dystrophy, etc. 
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Also, there is a report that mutation of a protein by gene mutation participates in generation of a certain 
kind of cancer. 

Or, the probability is increasing that serious diseases such as AIDS, ATL etc. are caused to occur by 
retrovirus. 

5 Diagnosis of a gene disease has been generally practiced by measuring the activity of the enzyme and 
the amount of the protein, both of which enzyme and protein are characteristic of the gene disease and 
judging where there Is deficiency or abnormality in these from the results, but In some cases, the enzyme 
which becomes the index of the disease may exist locally at the site of organs, etc. from which sampling 
can be done with difficulty, and therefore a test sample may be available with difficulty, and also the Index 

10 enzyme to be measured cannot be sometimes identified, and these diagnosis methods are not necessarily 
satisfactory. 

On the other hand, diagnosis of viral infectious disease has been done exclusively by the ELISA 
method and the PA method, but these methods are not necessarily correct. 

If a gene disease, cancer, viral infectious disease can be found at early stage by diagnosis at gene 
15 level for which sampling of a test sample Is relatively easier and correct examination can be expected, 
adequate therapy can be done at early stage. Thus, it has been increasingly demanded to have a diagnosis 
method at gene level- 
As one of such powerful methods, there is. for example. RFLP (restriction fragment length polymor- 
phism). 

20 This method is a method In which the DNA fragments obtained by cleavage of the whole gene of 
human being with restriction enzymes are electrophoresed on agarose gels, the electrophoresed fragment 
is hybridized with a probe DNA labelled with radioisotope, etc.. and the electrophoresis of the hybrid 
detected by utilizing the label is compared with the electrophoresis pattern obtained similarly for the normal 
gene, thereby detecting the gene related to the disease. 
25 The diagnosis method of gene disease by analysis of gene utilizing RFLP, etc. is attracting attention as 
an extremely useful method in practicing surer diagnosis. 

However, in practice of these methods, the testing personnel Is required to have molecular biological 
knowledges and skilled technique, and yet the operations are also cumbersome, and therefore those 
. engaged In medicine such as physicians, examination engineers, etc. cannot easily practice the method. 
30 Also, these methods require a time of about one day for each step of cleavage of DNA. Southern 
blotting and hybridization, and a long time is required before obtaining the final result, whereby the number 
of test samples handled per one examination is limited and therefore it is a very difficult working to examine 
DNAs of many patients over multiple items. 

Also, application of the detection method utilizing hybridization of nucleic acids to the taxonomic 
35 method of microorganisms such as bacteria, etc.. particularly for assay of pathogens, is attracting attention. 

Taxonomic identification of microorganisms has been practiced by investigating the ecological prop- 
erties and biochemical properties of the microorganisms by comparison with standard microorganisms. 

However, according to such method, in some cases, depending on the examination method, judgement 
of the properties may differ, or the identification results may differ depending on which property is posed 
40 importance. 

In the case when the test sample is bacteria and so forth obtained from a patient having caused an 
Infectious disease, if there Is an error in the identification results, there can be done no adequate 
corresponding treatment, and hence surer identification is particularly required. 

Accordingly, in recent years, in order to provide surer identification method, there have been made 
45 attempts to use the DNA-DNA hybridization method for detection. Identification of causative bacteria in 
bacterial infectious diseases. 

This method is a method in which a characteristic base sequence of said bacteria among DNA's in 
bacteria is made the standard sequence, and whether a base sequence with high homology with said 
standard sequence exists in the DNA extracted from the test sample bacteria is examined according to the 
50 hybridization method by use of a probe capable of detecting said standard sequence, thereby performing 
taxonomic identification of the test sample bacteria 

As the probe in this method, the DNA fragment cloned from the chromosome of bacteria, the plasmid 
itself possessed by the bacteria, synthetic oligonucleotides, etc. may be employed. 

Specifically, there may be included the following methods, in which the probe employed is: 
55 1 ) a cloned random fragment: 

2) a ribosome RNA; and 

3) a synthetic oligonucleotide having a base sequence characteristic of the species or the genus 
selected from the base sequence of ribosome RNA. 
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As the above method 1 ), a method in which random fragments obtained by cleavage of DNA extracted 
from bacteria with an appropriate restriction enzyme, and the clone specifically reactive only with the 
desired taxonomic group from among them is selected and used as the probe has been known from, for 
example, Crtale. M.S.. Flowers, R.S. et al: DNA probes, 143-148, 1986, etc. 

5 As the above method 2), there has been known a method disclosed by Edelstein, P.H,; J. Clin, 
Microbiol., 23:481-484, 1986. This method is a method which has called attention to the fact that the 
ribosome RNAs of bacteria are relatively similar within the same taxonomic group, and there is the 
advantage that the detection sensitivity becomes higher by use of ribosome RNA, because a large number 
of gene copies exist in the chromosome of bacteria. 

10 As the above method 3), there have been reported examples in which base sequences specific to the 
genus, the species or the subspecies, etc. belonging to the genus Proteus selected from the base 
sequence of the ribosome RNA of the genus Proteus are utilized for probe (Haun. G. & Gobel, U.; FEMS 
Microbiol. Lett.. 43: 187-194, 1987). 

However, also these methods have commonly the problems in the various analytical methods utilizing 

15 hybridization as previously described. 



SUMMARY OF THE INVENTION 

20 The present invention has been accomplished in view of the problems in various detection methods of 
the prior art utilizing the hybridization methods as described above, and its object is to provide a method for 
detecting nucleic acid utilizing the hybridization method which can be practiced simply and correctly. 

The present invention provides a method for detecting nucleic acid including the process of reacting a 
sample nucleic acid with a probe nucleic acid and analyzing presence or absence of a nucleic acid to be 

25 detected-probe nucleic acid hybrid into t reaction mixture obtained, comprising the processes of: 

a) reacting a sample nucleic acid with a probe nucleic acid; 

b) applying a label only onto the hybrid formed in the reaction mixture obtained in the process a); and 

c) detecting the hybrid labelled in the process b) by utilizing said label. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a chart showing the arrangement of spots of the probe nucleic acid in Example 2; 
Fig. 2 is a chart showing the arrangement of spots of the probe nucleic acid in Example 3; 
35 Fig. 3 is a diagram showing schematically the constitution of the nucleic acid to be detected-probe 
nucleic acid hybrid; and 

Fig. 4A and 4B are diagrams for illustration of Example 7 and Comparative example 1. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

The present invention can be utilized for detection and quantitation of various nucleic acids such as 
DNA or RNA derived from living bodies of human, animals, plants, microorganisms such as bacteria, etc., 
fungi, protozoa. etc.,cloned DNA, recombinant DNA, synthetic DNA, etc., and the kind of the nucleic acid 
which is the subject to be detected (nucleic acid to be detected) is not limited. 

45 As the probe nucleic acid, any nucleic acid having a base sequence which can hybridize effectively 
with the nucleic acid to be detected can be utilized, and an oligonucleotide with relatively shorter nucleotide 
chain length which can be artificially sunthesized conveniently by a synthesizer can be readily utilized. 

The nucleotide chain length of the probe nucleic acid should be preferably made 1/10 or less of the 
nucleic acid to be detected, in the present invention, since a hybrid comprising a probe nucleic acid and a 

50 nucleic acid to be detected is applied with a label, the requirement necessary for labelling is not demanded 
for the probe nucleic acid itself. 

For example, in labelling according to the nick translation method or a binding method of a labelled 
enzyme, the nucleic acid is required to have a nucleotide chain length of some extent or more so as to be 
labelled, but the probe nucleic acid to be utilized in the present invention is not demanded to have such 

55 requirement. 

Therefore, and also, as described above, it becomes possible to utilize one with short nucleotide chain 
length capable of being readily available (prepared) and realizing detection with high sensitivity as the probe 
nucleic acid. 
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However, since the hybrid formed is applied with a label in the present invention, it is desirable to 
choose the constitution and the nucleotide length of the probe nucleic acid so that the hybrid can be easily 
labelled. 

For example, as described below, in the labelling method according to the method in which one of the 
6 nucleotide chains of the double-stranded portion of the hybrid is utilized as the primer, and the nucleotide 
chain is extended from its end to have a labelling substance incorporated in said extended portion, when a 
probe nucleic acid is utilized as the primer, the hybrid to be formed is required to have a constitution so 
that the nucleotide chain of the nucleic acid to be detected hybridized with the probe nucleic acid can 
function as the template during extension of the primer end, namely that the nucleotide chain of the nucleic 
10 acid to be detected may exist under the state of a single strand in the terminal end extension direction of 
the probe nucleic acid. 

Therefore, in the case of such labelling method utilizing a probe nucleic acid as the primer, the 
constitution and the nucleotide length of the probe nucleic acid should be desirably determined in view of 
the structure of the hybrid to be formed. 
76 In some cases, the sample nucleic acid may be also utilized as the primer. 

Hybridization of a sample nucleic acid and a probe nucleic acid can be effected following conventional 
methods. 

Since the conditions of hybrid formation reaction depend on the nucleotide chain length and the base 
sequence possessed by the probe nucleic acid, the operational conditions in hybridization may be 
20 conveniently selected optimally corresponding to the desired purpose. 

The hybrid formation reaction can be generally carried out in a hybridization solution containing 
formamide, an appropriate salt and Denhardt solution, while controlling the temperature. 

For the hybrid formation reaction, there can be utilized the method in which a sample nucleic acid and 
a probe nucleic acid are reacted in a hybridization solution, the method in which a sample nucleic acid is 
25 reacted with a probe nucleic acid immobilized on a carrier in a hybridization solution the method in which a 
probe nucleic acid is reacted with a sample nucleic acid immobilized on a carrier, etc. 

For immobilization of sample nucleic acid or probe nucleic acid onto a carrier, it is possible to utilize the 
method in which nucleic acid is bound physically or chemically onto a carrier such as nitrocellulose, nylon 
film, various gels. etc. 

30 In the method of the present invention, the hybrid formed as the result of the reaction between a 
sample nucleic acid and a probe nucleic acid is selectively applied with a label. 

As the labelling method, it is possible to utilize, for example, the method in which, when one of the 
chains constituting the double-stranded portion of the hybrid is utilized as the primer and its end is 
extended to form the single-stranded portion into a double-stranded portion, a labelling substance is 
35 incorporated in the extended portion newly synthesized. 

According to this method, in the nucleic acid forming no hybrid, since there exists no portion 
functioning as the primer for formation of a new double-stranded and no portion which becomes the 
template for formation of the extended portion, there occurs no double-strand formation reaction which 
incorporates the above-mentioned labelling substance. 
40 Therefore, even when the labelling reaction may be performed under the mixed state of the nucleic 
acids forming no hybrid and the hybrids, only the hybrids can be applied selectively with the label. 
For such labelling, various methods for synthesizing new double-stranded portion can be utilized. 
For example, it is possible to utilize the method in which the hybrid to be labelled is reacted with 
nucleotides such as dATP, dCTP. dGTP, dTTP, etc. necessary for extension of the primer end and a 
45 labelled nucleotide is employed for one or two or more of the nucleotides used during the reaction to have 
the label incorporated in the nucleotide chain newly formed. 

As the labelled nucleotide, it is possible to utilize those utilized generally for labelling of probes, for 
example, those labelled with radioisotopes (Rl), those label led with non-radioactive labelling substance 
(nonRl) such as enzymes or compounds necessary for inducing fluorescence, emission or color formation. 
50 for example, biotin. dinitrophenylnucleotide derivatives, etc. 

As the enzyme for formation of nucleotide chain formation, various DNA polymerases such as E. coil 
DNA polymerase !. Klenow fragment of DNA polymerase I, T4 DNA polymerase, etc., and reverse 
transcriptases, etc. can be utilized. 

Labelling in the present invention can be performed under the state where the hybrid is immobilized on 
65 an appropriate carrier, or under the state where the hybrid is dissolved or dispersed in an appropriate 
solvent. 

After completion of the reaction for labelling, separation of the hybrid labelled and the labelling 
substance not incorporated into the hybrid can be performed according to such methods as described 
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below. 

(1) When an immobilized probe nucleic acid is used: 

A sample nucleic acid is reacted witii an immobilized probe nucleic acid immobilized on an appropriate 
carrier. When a hybrid is formed in this reaction, the hybrid also becomes immobilized on the carrier. 
5 When labelling treatment Is further performed under such state, the carrier is washed by varying, for 
example, the salt concentration and the temperature, to wash away the labelling substance not 
incorporated in the hybrid. 

(2) When an Immobilized sample nucleic acid is used: 

A probe nucleic acid is reacted with a sample nucleic acid immobilized on an appropriate carrier. When 
10 a hybrid is formed in this reaction, the hybrid also becomes immobilized on the carrier. Following 
subsequently the procedure as in the above method (1), the carrier is washed similarly to wash away the 
labelling substance not incorporated in the hybrid. 

(3) When the reaction between a sample nucleic acid and a probe nucleic acid is carried out without 
immobilization: 

15 The reaction between a probe nucleic acid and a sample nucleic acid Is carried out in an appropriate 
medium. After the reaction mixture is subjected to labelling treatment, the hybrid and the labelling 
substance not incorporated in the hybrid are separated by an appropriate separation method. 
As such separation method, separation by ethanol precipitaion, gel filtration column, etc. can be utilized. 
When a probe nucleic acid is utilized as the primer for the reaction as described above, it is desirable 
20 to use one having a constitution or a nucleotide chain length utilizable as the primer after hybrid formation 
as the probe nucleic acid. In some cases, the sample nucleic acid may be also used as the primer. 

Ordinarily, when the same extent of labelling amount is used, nonRI label is generally lower in 
sensitivity as compared with Rl label, but in the method of the present Invention, high sensitivity detection is 
rendered possible even when a nonRI label may be employed. 
25 In the method of the prior art, probe nucleic acids with short nucleotide chain lengths are labelled and 
used in most cases, but in such case, the amount of the label incorporating portion is limited, and the 
amount of the label uncorporated is also limited. 

In contrast, in the method of the present invention, by using a combination of a probe nucleic acid and 
a sample nucleic acid with due consideration so that the double- stranded portion newly synthesized by 
30 extension of the end of the nucleic acid which becomes the primer in the operation of labelling as described 
above has a enough long length, the amount of the label incorporated in labelling can be increased, 
whereby the low sensitivity can be also compensated with such targe amount of the label incorporated even 
when a nonRI label may be employed to enable detection of high sensitivity. 

On completion of labelling of the hybrid, the hybrid is detected by utilizing said label. 
35 Also, by analyzing quantitatively the label amount possessed by the hybrid formed, the nucleic acid to 
be detected can be quantitated. 

By use of plural kinds of nucleic acids as the probe nucleic acid in the operations as described above, 
when plural nucleic acids to be detected are contained in the sample nucleic acid, they can be detected at 
the same time. 

40 Representative examples of the methods by use of plural kinds of probes are shown below. 

a) The method of using immobilized probes: 

45 First, by immobilizing plural kinds of probe nucleic acids corresponding to the respective plural kinds of 
nucleic acids to be detected at a predetermined arrangement so that it may be discernible which probe 
nucleic acid is positioned at which position, the immobilized probe nucleic acids are reacted with a sample 
nucleic acid. 

After completion of the reaction, the treatment for applying a label on the hybrid formed is effected, and 
50 the formation position of the hybrid is detected by utilizing the label. The kind of the corresponding probe 
nucleic acid is identified from the position indicating positiveness, and from the result the kind of the nucleic 
acid to be detected contained in the sample nucleic acid can be judged. 

In this method, since probe nucleic acids are immobilized at the positions previously set, it can be 
easily judged from the immobilized positions previously set of probe nucleic acids that with which probe 
55 nucleic acid the sample nucleic acid has been hybridized. 

Therefore, it is not necessary to use different labels for respective probe nucleic acids so that the 
respective plural kinds of probe nucleic acids can be chosen as in the method of the prior art in which 
labelled probes are allowed to react with a sample nucleic acid immobilized. 
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For effecting the hybrid formation reaction with plural kinds of probe nucleic acids efficiently at the 

same time by the same operation, it is preferable that the nucleotide chain lengths of the respective probe 

nucleic acids should be controlled to the lengths necessary for the individual hybrid formation reactions in 

the plural kinds of probe nucleic acids to proceed under the same conditions. 
5 Specifically, for example, the dissociation temperatures (Tm: temperature for single strand formation) of 

the hybrids formed in the individual hybrid formation reactions may be preferably made regular. 

More specifically, for calculation of Tm value, various formulas have been employed depending on the 

hybridization solution employed. For example, in 0.9 M NaCI, Tm of an oligonucleotide of 20-mer or less is 

represented by: 
70 Tm = 2 X (A + T) + 4 X (G + C) 

(A, T. G and C respectively show the number of adenine, thymine, guanine and cytosine) (see Ryo Kinami. 

Mitsuru Nagahara "Continued Biochemical Experimental Course 1. Gene Study Method M" Tokyo Kagaku 

Doujin, p. 236). 

Accordingly, following this formula, the base sequences of the respective probe nucleic acids may be 
15 substituted in this formula for selection of their lengths so that the Tm values in the respective probe 
nucleic acids may be regular. 

The nucleotide chain lengths of the plural kinds of probe nucleic acids should be preferably made 1/10 
or less of the average nucleotide chain length of the nucleic acids to be detected. 

20 

b) The method of using an independent reaction regions such as microplate, etc.: 

First, solutions for hybridization containing sample nucleic acids in the respective reaction regions of a 
carrier having independent reaction regions such as microplate, etc. are prepared. 
25 Next, plural kinds of probe nucleic acids are added each alone in the reaction regions to effect 
hybridization. In that case, it should be ascertained which probe nucleic acid is added in which reaction 
region. 

After completion of the reaction, reactions necessary for labelling of the hybrids formed in the 
respective reaction regions is conducted, and then the hybrid formation is detected by utilizing said label, 
30 the kind of the corresponding probe nucleic acid is Identified from the reaction region exhibiting positive- 
ness. and from the result the kind of the nucleic acid to be detected contained in the sample nucleic acid is 
judged. 

For effecting the hybrid formation reaction with plural kinds of probe nucleic acids efficiently at the 
same time by the same operation, it is preferable that the nucleotide chain lengths of the respective probe 
35 nucleic acids should be controlled to the lengths necessary for the individual hybrid formation reactions in 
the plural kinds of probe nucleic acids to proceed under the same conditions. 

For example, as described above, the respective nucleotide chain lengths should be preferably selected 
so that Tm values may be regular. 

The nucleotide chain lengths of the plural kinds of probe nucleic acids should be preferably made 1/10 
40 or less of the plural nucleotide chain length of the nucleic acids to be detected. 

In the method of the present invention utilizing plural kinds of probe nucleic acids including the 
methods, a. b as described above, it is not necessary to effect labelling of the respective probe nucleic 
acids with different labels for choice of the plural kinds of probe nucleic acids as in the method of the prior 
art wherein labelled probes are reacted with an immobilized sample nucleic acid. 
45 On the other hand, it is also possible to perform simultaneous examination of plural kinds of sample 
nucleic acids by use of one kind of probe nucleic acids for plural kinds of sample nucleic acids. 

For example, by immobilizing plural kinds of sample nucleic acids on an appropriate carrier so that the 
position of each sample nucleic acid can be discriminated, and then carrying out the reaction with one kind 
of probe nucleic acid and applying labelling of the hybrids formed and the treatment for detection of the 
50 label, existence of the nucleic acid to be detected can be confirmed in the sample corresponding to the 
position exhibiting positiveness. 

Further, this method can be also performed without immobilization of nucleic acids on a carrier capable 
of forming independent reaction regions such as microplate, etc.. 

The method for detecting nucleic acid of the present invention as described above is useful for 
55 detection of genes inherent in gene diseases, cancers, viral infectious diseases. 

As an example of detection of genes inherent in gene diseases, etc. according to the method of the 
present invention, the method including the processes shown below can be mentioned: 

a) the process of immobilizing on a suitable carrier a probe nucleic acid related to the gene which is an 



7 



EP 0 408 918 A1 



index of the disease which is the examination item; 

b) the process of reacting the Immobilized probe obtained in the process a) with the test sample 
chromosome DNA {sample nucleic acid); 

c) the process of applying the treatment necessary for labelling of the hybrid formed on the carrier after 
5 the process b); 

d) the process of detecting the hybrid formed in the process b) by utilizing the label in the process c). 
As the nucleic acid probe used in the above process a), one having a base sequence necessary for 

recognizing the base sequence inherent in a gene of gene disease, etc. may be employed, and its 

nucleotide length is not particularly limited. 
w For example, when a disease based on point mutation by substitution of one base pair is to be 

detected, in judging the difference of one base effectively and with good sensitivity, as the nucleic acid 

probe, an oligonucleotide comprising 100 bases or less, preferably 29 bases or less, more preferably 17 to 

20 bases may be employed. 

Also, the substitution site corresponding to point mutation should be preferably arranged so as to be 
75 positioned at the center of the oligonucleotide as the probe nucleic acid for performing more accurate 

judgement. 

In the process a), by immobilizing the plural kinds of probe nucleic acids corresponding to the plural 
examination items at a predetermined arrangement on the same carrier, examination over plural items can 
be done at the same time. Also, in this method, the operations of the method a using plural kinds of probe 
20 nucleic acids as previously described can be applied. 

As the test sample DNA in the process b), a chromosome DNA itself, a chromosome DNA cleaved to a 
suitable length with an appropriate restriction enzyme, etc. can be utilized. 

When multiple items of examination are to be performed at the same time, it is efficient to utilize 
fragments cleaved to suitable lengths with a restriction enzyme. 
25 Also, the hybrid formation reaction can be performed according to the method as previously described. 

When point mutation is to be detected by this method, only one difference of nucleotide may 
sometimes fail to differentiate presence and absence of point mutation due to generation of mismatch 
between the probe and the nucleic acid. 

However, since Tm of hybrid is influenced by the base pair number not complementary in the 
30 mismatched hybrid, the contents of G (guanine) and C (cytosine) in the probe nucleic acid, the nucleotide 
chain length of the probe nucleic acid, the position of point mutation, the kind of mismatch, etc.. it is 
important to select the temperature conditions, etc. which are free from generation of mismatch hybrid 
interfering with detection of the desired point mutation, corresponding to the constitution of the probe 
nucleic acid employed, etc. 

35 For example, Tm drops by 5 to 10° per one base pair which is not complementary contained in a 
mismatch hybrid. 

Therefore, the temperature of hybridization required to be selected in view of the Tm of the desired 
hybrid and the Tm of the mismatch hybrid which can be formed. 

Also, when plural kinds of probe nucleic acids are used as immobilized on the same carrier, in addition 
40 to the requirement concerning the mismatch as described above, the nucleotide chain lengths, etc. of these 
should be preferably controlled so that the Tm of the hybrids formed with the respective probe nucleic 
acids may be regular. 

For labelling in the process c), the methods as previously mentioned, etc. can be utilized. 
The process d) is performed according to the method corresponding to the label employed. 
45 In the method as described above, prove nucleic acids are used In the form immobilized, but test 
sample nucleic acids may be also immobilized in place of probe nucleic acids. 

More specifically, by immobilizing plural kinds of test samples so that the immobilized positions are 
discernible, and reacting one kind of probe nucleic acid therewith, plural kinds of test samples can be 
examined at the same time for one examination item. 
50 Further, the test sample nucleic acids and probe nucleic acids may be also reacted without immobiliza- 
tion of both of them. 

As an example of such method, the method including the following processes may be included: 
1) the process of hybridizing test sample nucleic acids with a probe nucleic acid in an appropriate 
medium; 

55 2) the process for applying necessary treatment for labelling of the hybrid formed on the reaction mixture 
obtained in the process 1); 

3) the process of detecting the hybrid formed in the process 1) by utilizing the label applied in the 
process 2). 



8 



EP0 408 918 A1 



The operations of hybridization, labelling of the hybrid, detection of the hybrid with the label in these 
methods can be performed according to the operations as previously described. 

Also, by performing at the same time for plural kinds of probe nucleic acids the processes 1) to 3) by 
using individually the plural kinds of probe nucleic acids according to the operations as described 
5 previously in the item b of the method of using plural kinds of probe nucleic acids, plural examination items 
can be examined at the same time. 

On the other hand, after throwing plural test sample nucleic acids respectively in the reaction regions of 
the carrier capable of forming independent reaction region such as microplate, etc. so that the test sample 
placed in each reaction region may be discernible, the same kind of probe nucleic acid is added into each 
10 well, followed by hybridization, labelling of the hybrid and treatment for detection of the label, whereby it 
can be judged whether the sample nucleic acid corresponding to the well exhibiting positiveness is positive 
to the examination item or not. 

In the detection method of a gene inherent in gene diseases, etc. as described above, by using as a 
probe a nucleic acid having a base sequence inherent in an microorganism such as bacteria, virus, etc., and 
15 a nucleic acid sepsrated from a microorganism as the sample, microorganisms can be identified taxonomi- 
cally. 

As the probe nucleic acid in that case, in the case of taxonomy of bacteria, one having a nucleotide 
chain length of about 20-mer, while in the case of taxonomy of virus, one having a nucleotide chain length 
of about 20-mer may be suitably employed. 

20 

Example l 

A 41-mer oligonucleotide having the following DNA base sequence constituting a part of a plasmid pUC 
25 19 was synthesized by a DNA synthesizer (ABI, Model 381 A). 
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5' 3* 
GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG 
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By use of a part of the synthesized product, its purity was examined by 15 % poiyacry (amide gel 
electrophoresis containing 7 M urea. As the result, the purity of the synthesized product was judged to be 
90 % or higher, and therefore the synthesized product was used directly without purification in the 
subsequent operations. 

A solution (50 ul) containing 50 ug of the synthesized product was mixed with 100 ul of a mixed 
reagent solution [0.12 M Tris containing 0.46 M potassium cacodylate (pH 6.9), 3.3 mM C0CI2. and 0.33 
mM dithiothreitot], 40 u\ of 4.0 mM biotinylated UTP (manufactured by BRL Co.). 1 ul of 1.0 mM dTTP. 100 
M.I of water and 15 ul (about 90 units) of TdT (Terminal Deoxynucleotidy! Transferase), and the reaction was 
carried out at 30 °C for 10 minutes. The reaction was stopped by addition of 4 ul of 0.2 M EDTA. 

After stopping the reaction, phenol treatment, ethanol precipitation were effected, and the precipitates 
obtained were dried and then dissolved in 100 ul of water. 

Agarose (gei) was activated with cyanogen bromide, and avidin was bound thereto to form an 
immobilized phase (carrier). 

The immobilized phase was added into the aqueous solution of the precipitates obtained by the 
treatment of the 41-mer oligonucleotide previously obtained, and these were mixed while stirring slowly for 
20 minutes, followed by centrlfugation treatment under gentle conditions, and the supernatant was removed 
to give an immobilized probe nucleic acid. 

On the other hand, as sample nucleic acids, a plasmid pBR 322 (Sample A), a plasmid pUC 19 (Sample 
B) and a mixture of the plasmid PBR 322 and the plasmid pUC 19 (Sample C. mixing weight ratio 1:1) were 
prepared, these samples were digested in conventional manner with EcoRI (TOYOBO), then the digested 
products were subjected to heating treatment to form the double- stranded DNA into single strand, and the 
following operations were conducted by using reaction products individually containing the three kinds of 
single- stranded DNA obtained from the respective samples. 

Into a test tube were introduced 20 ug of the reaction product containing the single-stranded DNA and 
the immobilized probe nucleic acid previously prepared, and to the mixture was added 10 ul of a 10 x 
annealing solution [1 x annealing solution: 100 mM Tris-HCI (pH 8.0) containing 60 mM MgCbi 60 mM ^- 
mercaptoethanol and 500 mM NaCl], and further distilled water was added to make up the total volume to 
100 U1. 

The mixed solution obtained was heated at 65 °C over 10 minutes, and then the temperature was 
lowered to room temperature over about one hour. 

Next, after addition of 10 ul of 10 x annealing solution, 10 ul of 1 mM dATP, 10 ul of 1 m dCTP and 10 
ul of 1 mM dGTP. p32-TTP 100 Cr was added and the total amount was made up to 200 Ul with distilled 
water to prepare a solution for labelling. 

Into the solution for labelling, 5 units of Ktenow fragment (manufactured by Toyobo Co., Ltd.] were 
added, and the reaction was carried out under ice-cooling for one hour. 

After completion of the reaction, the solid phase was separated from the reaction mixture, which was 
washed twice with TE buffer, and its radiation was counted by a scintillation counter. 

As the result, in the solid phase finally obtained in the operation by use of Sample B and the operation 
by use of Sample C. radiation of about 10^ cpm (about lO'^-fold of that when employing Sample A) was 
counted, whereby existence of pUC 19 was confirmed in these Samples B and C. 



Example 2 

A 41-mer oligonucleotide having the following DNA base sequence constituting a part of a plasmid pUC 
19 (Probe A) and a 41-mer oligonucleotide having the following DNA base sequence constituting a part of a 
plasmid pBR 322 (Probe B) were synthesized by a DNA synthesizer (manufactured by ABI, Model 381 A). 
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Probe A 

5' 3' 
GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG 
Probe B 

5' 3' 
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAGTATCGT 
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When the purities of these synthesized products were examined according to the same operation as In 
Example 1, both were found to have a purity of 95 % or more. These synthesized products were used 
directly without purification in the subsequent operations. 
5 Solutions for spotting of each of the synthesized products at 200 ng/ul concentration were prepared, 
and each 2 ul of the solutions was spotted onto a nitrocellulose filter (Schleicher & Schanel) so that the 
spots of Probes A and B were arranged as shown in Fig. 1 , dried and then baked at 80 °C for 2 hours. 
On the other hand, as sample nucleic acids, the following samples were prepared. 

10 

Sample D: 

Mixture of plasmid pUC 19 and chromosome DNA prepared from E. coli JM109 strain in conventional 
manner (mixing weight ratio, 1:1). 

75 

Sample E: 

Mixture of plasmid pBR 322 and chromosome DNA prepared from E, coli HB1Q1 strain in conventional 
20 manner (mixing weight ratio, 1:1). 



Sample F: 

25 Chromosome DNA prepared from E. coii HB101 strain in conventional manner. 

By using these samples D to F individually, the following operations were conducted. 

To 2 ul of a solution containing 1 ug of the sample, 2.0 ui of 10 x TA buffer and 16.0 ul of water were 

mixed, 10 units of Hindlll (manufactured by Toyobo Co., Ltd.) were added to the mixture obtained and the 

mixture was left to stand at 37 °0 for 2 hours to carry out the reaction. 
30 After completion of the reaction, the reaction mixture was heated at 95 °C for 5 minutes to convert the 

double-stranded DNA into single strands and then mixed with 9 ml of 100 % formamide, 5 ml of 20 x SSC. 

0.4 ml of 50 X Denhardt solution, 0.4 ml of 1 M sodium phosphate (pH 6.5) and 0.1 mt of modified salmon 

sperm DNA (manufactured by Sigmer) at a concentration of 50.0 mg/ml to prepare a solution for 

hybridization. 

35 Next, by dipping filter having the probe nucleic acid previously prepared in each solution for 

hybridization, hybridization was carried out. 

Specifically, the filter was dipped into 200 ml of a solution with the final concentrations of 3 x SSC/and 
1 x Denhardt at 42 °C for 30 minutes to perform prehybridizatlon. followed by sealing of these within the 
bag made of polyethylene so that the filter may be dipped in the solution for hybridization, and these were 
40 reacted at 42 **C for 12 hours. 

After completion of the reaction, the filter taken out from the bag made of polyethylene was washed by 
dipping in 500 ml of 2 x SSC/0.1 % SDS at room temperature for 25 minutes, and subsequently washed 
similarly with 500 ml of 0.2 x SSC/0.1 % SDS at room temperature for 35 minutes. 

Next, each filter after washing under the state dipped in a solution for labelling with the composition 
45 shown below was sealed within a bag made of polyethylene, and left to stand at 37 °C for 2 hours to carry 
out the reaction. 
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Solution composition for labelling: 


1 mM dATP 




20 ul 


1 mM dQTP 




20 ul 


1 mM dCTP 




20 ul 


0.4 mM biotinylated UTP 


50 ii\ 




10 X annealing solution 


100 li\ 




Klenow fragment 




10 Ul 


Distilled water 


balance 




Total 


2 ml 





After completion of the reaction, each filter taken out was washed with TE buffer, and then the 
15 coloration reaction was carried out in conventional manner (see Bloindustry, Vol. 3, No. 6, 1989, p. 479-504, 
etc.). 

As the result, in the filter reacted with the hybridization solution from Sample A, color formation 
occurred at the spotted portion of Probe A, and also color formation occurred at the spotted portion of 
Probe B in the filter reacted with the hybridization solution from Sample B. In contrast, in the filter reacted 
20 with the hybridization solution from Sample C, no color formation was recognized. 



Example 3 

25 Among mutations of PAH gene seen in leukocyte DNA of phenylaJaniuria patient, as mutations of high 
frequency (* portion), the following ones have been known. 
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Haplotype 3 

Normal: ^ ' TCCATTAACAGTAAGTAATTT^ ' (Probe 1) 

Abnormal: ^ ' TCCATTAACAATAAGTAATTT^ ' (Probe 2) 



50 Haplotype 2 

Normal: ^ ' CACAATACCTCGGCCCTTCTC^ ' (Probe 3) 

Abnormal: ^ ^ CACAATACCTTGGCCCTTCTC^ ' (Probe 4) 

55 
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Accordingly, for utilizing these four kinds of oligonucleotides as probe nucleic acids, they were 
synthesized by a DNA synthesizer (ABI, Model 381 A). 

When the purities of the synthesized products were examined according to the same operation as in 
5 Example 1 , all were found to have a purity of 95 % or more. 

By using directly these synthesized products, according to the same operations as in Example 2, spots 
of the respective probes were formed with the arrangements shown in Fig. 2 on a nitrocellulose filter. 

Next, from the cultured aminiotic fluid cells from test sample donors arbitrarily selected, a double- 
stranded DNA was extracted in conventional manner and digested with Pvu II, and then the double-stranded 
70 DNA was converted into single strands by the heating treatment at 100 °C for 10 minutes. 

Into a vessel were added the filter having spots of each probe formed thereon and 0.5 ml of 10 x 
annealing solution, and further the total volume was made up to 5 ml with addition of distilled water to dip 
the filter Into the solution. 

To this was added the mixture of single-stranded DNA fragments as the test sample previously 
15 obtained, and the mixture was left to stand at 65 °C for 1 0 minutes. 

After elapse of a predetermined time, the reaction mixture was gradually left to cool over about one 
hour. 

When a hybrid is formed by this reaction, it may be considered that a partial double strand of the probe 
and the test sample DNA as shown in Fig. 3 is formed. 
20 Next, to the reaction mixture left to cool to room temperature were added 0.2 ml of 1 mM dATP, 0.2 ml 
of 1 mM dGTP, 0.2 ml of 1 mM dCTP, 0.5 ml of 0.4 mM biotinylated UTP, 0.5 ml of 10 x annealing solution 
and 3.4 ml of distilled water, and then further 16 units of Klenow fragment were added to carry out the 
reaction at 37 ''C for one hour. 

In this reaction, when a hybrid having the double-stranded portion as shown in Fig. 3 is formed, DNA is 
25 synthesized from the 3 -end of one of the chains functioning as the primer of the double-stranded portion, 
whereby the terminal end progresses toward the downstream of the 3 -end (in the arrowhead direction). At 
that time, the label is incorporated within the nucleotide chain newly formed on one side. 
Next, for removal of the unreacted biotinylated UTP, the filter was washed with 2 x SSC. 
When the filter after washing was subjected to color formation reaction in conventional manner, color 
30 formation occurred in the spot of Probe 2, whereby the donor of the test sample was judged to be 
suspicious of phenylaianinuria. 

Example 4 

35 

By using individually the cultured amniotic fluid cells from several donors arbitrarily selected, the 
double-stranded DNA was extracted in conventional manner, digested with Pvu II and then the double- 
stranded DNA was converted into single strands by the heating treatment at 100 **C for 10 minutes to obtain 
mixtures of single-stranded DNAs from the respective donors of test samples. 

40 Next, similarly as in Example 2, each DNA mixture (each 2 /ig) was spotted onto a nitrocellulose filter 
so that it may be discernible which spot Is from which test sample donor. 

Further, into a vessel were placed a filter having the spot of each test sample DNA mixture formed 
thereon and 0.5 ml of 10 x annealing solution, and further the total volume was made up to 5 ml with 
addition of distilled water so as to dip the filter into the solution. 

45 Into this was added 1 ug of Probe 1 obtained in Example 3, and the mixture was left to stand at 65 °C 
for 10 minutes. 

After elapse of a predetermined time, the reaction mixture was gradually left to cool to room 
temperature over about one hour, and treatment for labelling, washing, treatment for coloration were 
conducted similarly as in Example 3- 
50 Further, the operations as described above were performed for each of Probes 2 to 4. 

As the result, the fifth spot of the filter was colored when Probe 2 was used, and the donor of the test 
sample of this spot was judged to be suspicious of phenylaianinuria. 



55 Example 5 

Probes 1 to 4 (each about 1 ug) synthesized in Example 3 were added dropwise onto a microplate so 
that it was discernible which probe was contained in which well. 
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Next, from the cultured amniotic cells from the test sample donors arbitrarily selected, the double- 
stranded DNA was extracted in conventional manner, digested with Pvu II (manufactured by Toyobo Co., 
Ltd.), and the double-stranded DNA was dissociated into single strands by the heating treatment at 100 °C 
for 10 minutes to obtain mixtures containing single-stranded DNA's of test samples. 
5 The DNA mixtures were thrown into the respective wells In amounts each of 50 ng. 

Further, after addition of 7 ul of 10 x annealing solution into each well, distilled water w added to make 
up an amount in each well of 70 ul. 

The micropiate under this state was left to stand at 65 °C for 10 minutes, and then left to cool gradually 
to room temperature over one hour. 
10 Next, into each well were added and mixed 5 uf of 1 mM dATP. 5 ut of 1 mM dGTP, 5 ju.1 of 1 mM 
dCTP, 8 ul of 0.4 mM biotinylated UTP, 7 ul of 10 x annealing solution and 40 ul of distilled water, and 
then further 10 units of Klenow fragment were added to carry out the reaction at 37 °C for one hour, thereby 
effecting labelling. 

After completion of the reaction, 350 ul of ethanoi was added into each well, and after cooling at - 70 °C 
75 for one hour, the supernatant from each well was discarded by aspiration to remove the unreacted 

biotinylated UTP together with the supernatant. 

Next, after drying of the micropiate, blocking was effected in conventional manner with bovine serum 

albumin (manufactured by Sigmer), and then a streptoavldin-alkaliphophatase solution (manufactured by 

BRL) was added into each well to carry out the reaction at 37 °C. 
20 After 30 minutes, the liquid was discarded by aspiration from each well, and further after washing of the 

well with 0.1 M Tris-HCI (pH 9.5)-0-1 M NaCl-50 mM MgCb solution (buffer A). 200 ul of a mixed solution of 

30 ul of BCIP solution (BRL), 44 ul of NBT solution (manufactured by BRL) and 10 ml of buffer A was 

added into each well to carry out the reaction at room temperature for 30 minutes, followed by judgement of 

color formation by a plate reader. 
25 As the result, strong color formation was recognized in the well of Probe 2, and the donor of this test 

sample was Judged to be suspicious of phenylalaninuria. 



Example 6 

30 

A 41-mer oligonuleotide having the DNA base sequence shown below constituting a part of a plasmtd 
pUC 19 was synthesized by a DNA synthesizer (manufactured by ABl, Model 381 A). 
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5' 3» 
GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG 
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When the purity was examined by use of a part of the synthesized product by 15 % polyacrylamide gel 
electrophoresis containing 7 M urea, it was judged to have a purity of 90 % or higher and therefore the 
synthesized product was used as the probe nucleic acid in the subsequent operations without purification. 

5 On the other hand, as sample nucleic acids, a plasmid pBR 322 (Sample A), a plasmid pUC 19 (Sample 

B) and a mixture of the plasmid pBR 322 and the plasmid pUC 19 (Sample C, mixing weight ratio 1:1) were 
prepared, and after these samples were digested In conventional manner with EcoRI (manufactured by 
Toyobo Co., Ltd.), the digested products were subjected to heating treatment to convert the double- 
stranded DNA into single strands, and the following operations were conducted by using individually the 

10 reaction products containing the three kinds of single-stranded DNA obtained from the respective samples. 

Into a reaction tube were introduced 20 ug of the reaction product containing the single-stranded DNA 
and 20 ml of the probe nucleic acid previously prepared, and to the mixture was added 10 ul of a 10 x 
annealing solution [1 x annealing solution: 100 n\M Tris-HCI (pH 8.0) containing 60 mM MgClg. 60 mM ^- 
mercaptoethanol and 500 mM NaCI], and further the total volume was made up to 100 ul with addition of 

75 distilled water. 

The mixed solution was heated at 65 °C over 10 minutes, and then the temperature was gradually 
lowered to room temperature over about one hour. 

Next, to the reaction mixture obtained, were added 10 ul of 10 x annealing solution, 10 ul of 1 mM 
dATP. 10 ul of 1 mM dCTP and 10 Ul of 1 mM dGTP. and then p32-TTP 100 Ci was added, and the total 
20 amount was made up with distilled water to 200 ul to prepare a solution for labelling. 

Into the solution for labelling were added 5 units of Klenow fragment (manufactured by Toyobo Co., 
Ltd.), and the reaction was carried out under ice-cooling for one hour. 

After completion of the reaction, by use of GENECLEANTM (manufactured by BIO 101], the unreacted 
p32.jjp ap)^ jj^g hybrid formed in the reaction mixture were separated as described below. 
25 The silica matrix of GENECLEAN (5 ul) was added into 200 ul of the reaction mixture, and then the 
mixture was well stirred and maintained in ice for 10 minutes, followed by centrifugation for 5 seconds to 
remove the supernatant and give the pellets of the silica matrix/hybrid bound product. 

At that time, the unreacted P^^-IJP was separated together with the supernatant from the hybrid bound 
to the silica matrix. 

30 The pellets obtained in the separated liquid of GENECLEAN were washed three times, 3 ul of pure 
water was added thereto, incubation was carried out at 50 °C for 2 minutes, and the hybrid was eluted from 
the pellets to recover the supernatant containing the hybrid by centrifugation. 

The supernatant recovered was subjected to scintillation counter for counting its radiation. 
As the result, a radiation of about 10^ cpm (about 10^-fold of that when using Sample A) was counted in 
35 the solutions finally obtained in the operations by use of Sample B and the operations by use of Sample C. 
whereby pUC 19 was confirmed to exist in these Samples B and C. 



Example 7 

40 

An oligonucleotide constituting a part of pUC 19 shown below was synthesized and used as such as the 
probe. 
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5' 

ATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAAT 

20 
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The probe (hereinafter referred to as Probe A) was introduced into 10 micropiate wells as the total of 
the group I: No. 1 - No. 10 and 10 micropiate wells as the total of the group II: No. 1 - No. 10 each in an 
amount of 1 ug. 

Next, the sample pUC 19 dissociated into single strands was thrown Into the respective micropiate wells 
of the group I: No. 1 - No. 10 at the ratios shown below in Table 1, and also as Control pBR 322 dissociated 
into single strands was thrown into the respective micropiate wells of the group II: No. 1 - No. 10 at the 
ratios shown below in Table 1 (see Fig. 4A). 

Table 1 



NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


DNA amount (ng) 


100 


50 


10 


5 


1 


0.5 


0.1 


0.05 


0.01 


0.005 



Further, into each well was added 7 m-I of 10 x annealing solution, followed by addition of distilled water 
to make up the amount within each well to 70 ul. 

The micropiate under this state was left to stand at 65 °C for 10 minutes, and left to cool gradually to 
room temperature over about one hour. 

Next, into each well were added and mixed 5 ul of 1 mM dATP, 5 ut of 1 mM dQTP, 5 ul of 1 mM 
dCTP, 8 ul of 0.5 mM biotinylated UTP, 7 ul of 10 x annealing solution and 40 ul of distilled water, and 
then further 1 0 units of Klenow fragment were added to carry out the reaction at 37° C for one hour, thereby 
effecting labelling. 

After completion of the reaction, 350 ul of ethanol was added into each well, and after cooling at - 70 °C 
for one hour, the supernatant from each well was discarded by aspiration to remove the unreacted 
biotinylated UTP together with the supernatant. 

Next, after drying of the micropiate. blocking was performed in conventional manner with bovine serum 
albumin (manufactured by Sigmer), and then a streptoavidin-alkaliphophatase solution (manufactured by 
BRL) was added into each well to carry out the reaction at 37 °C, 

After 30 minutes, the liquid was discarded by aspiration from each well, and further after washing of the 
well with 0.1 IVl Tris-HCI (pH 9.5)-0.1 M NaCl-50 mM MgCIa solution (buffer A). 200 ul of a mixed solution 
of 30 ul of BCIP solution (manufactured by BRL). 44 ul of NBT solution (manufactured by BRL) and 10 ml 
of buffer A was added into each well to carry out the reaction at room temperature for 30 minutes, followed 
by judgement of color formation by a plate reader. 

As the result, in the group 1, color formation occurred to 0.1 ng of No. 7. No color formation was seen in 
Control of the group 11. 



Comparative example 1 

A double-stranded DNA constituting a part of pUC 19 shown below was synthesized, biotinylated UTP 
was introduced at s'-end with T4 polymerase, followed by labelling, and the labelled product was 
dissociated into single strands, which were used as the probe for detection according to the prior art 
method. 
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5' 

ATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAAT 
TAGCGGGAAGGGTTGTCAACGCGTCGGACTTACCGCTTA 
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The probe (hereinafter referred to as Probe B) was introduced into 10 microplate wells as the total of 
the group ill: No. 1 - No. 10 and 10 microplate wells as the total of the group IV: No. 1 -No. 10 each in an 
amount of 1 ug. 

5 Next, the sample pUC 19 dissociated into single strands was thrown into the respective microplate wells 

of group III: No. 1 - No. 10 at the same ratios as in Table 1 of Example 7. and also as Control pBR 322 
dissociated into single strands was thrown into the respective microplate wells of the group IV: No. 1 - No. 
10 at the same ratios as in Table 1 of Example 7 (see Fig. 4B). 

Further, into each well was added 7 ul of 10 x annealing solution, followed by addition of distilled water 
70 to make up the solution amount within each well to 70 ul. 

The microplate under this state was left to stand at 65 °C for 10 minutes, and then left to coot gradually 
to room temperature over about one hour. 

After completion of the reaction. 350 ul of ethanol was added into each well, and after cooling at - 70 °C 
for one hour, the supernatant from each well was discarded by aspiration to remove the unreacted probe 
75 together with the supernatant. 

Next, after drying of the microplate, blocking was effected in conventional manner with bovine serum 
albumin (manufactured by Sigmer). and then a streptoavidin-alkatiphosphatase solution (manufactured by 
BRL] was added into each well to carry out the reaction at 37 °C. 

After 30 minutes, the liquid was discarded by aspiration from each well, and further after washing of the 
20 well with 0.1 M Tris-HCi (pH 9.5)-0.1 M NaCI-50 mM MgCIs solution (buffer A), 200 ul of a mixed solution 
of 30 ul of BCIP solution (manufactured by BRL), 44 ul of NBT solution (manufactured by BRL) and 10 ml 
of buffer A was added into each well to carry out the reaction at room temperature for 30 minutes, followed 
by judgement of color formation by a plate reader. 

As the result, in the group 111, color formation occurred to 5 ng. No color formation was seen in Control 
25 of the group IV. 

From Example 7 and Comparative example 1, it could be confirmed that detection sensitivity was 
improved by about 50- fold according to the method of the present invention as compared with the prior art 
example. This may be considered to be due to the fact that the biotinylated UTP is incorporated in the 
extension reaction after annealing in an amount more by about 50-fold. 

30 In the present invention, since no labelled probe nucleic acid is used, no requirement for labelling of the 
probe nucleic acid is demanded. As the result, one with a short nucleotide chain length which is readily 
available and also can be expected to effect detection of high sensitivity can be utilized, and detection with 
good sensitivity can be done. 

Also, in the present invention, since the hybrid formed is applied with a label, it becomes possible to 

35 effect efficient labelling even when a non-radioactive label may be employed, whereby the labelling and 
detecting operations become safer and simpler. 

Besides, while ail of the probe nucleic acids, namely even those not participating in formation of hybrids 
are applied with labels in the method of the prior art which label probe nucleic acids, in the method of the 
present invention, only the hybrids formed are labelled, whereby the labelling substance can be saved. 

40 Further, when detection of plural number of nucleic acids are performed at the same time by use of 
plural kinds of probe nucleic acids, in the method of labelling probe nucleic acids of the prior art. 
cumbersome operations of performing differentiation of plural number of probe nucleic acids by use of 
plural different kinds of labels have been required, but according to the present invention, labelling of the 
hybrid formed can be effected with one kind of label, whereby labelling operations can be simplified and 

45 detections of plural kinds of nucleic acids can be done extremely simply and efficiently. 

A method for detecting nucleic acid including the process of reacting a sample nucleic acid with a proe 
nucleic acid and analyzing presence or absence of a nucleic acid to be detected-probe nucleic acid hybrid 
into the reaction mixture obtained comprises the processes of: a) reacting a sample nucleic acid with a 
probe nucleic acid; b) applying a label only onto the hybrid formed in the reaction mixture obtained In the 

60 process a); and c) detecting the hybrid labelled in the process b) by utilizing said label. An immobilized 
probe for nucleic acid detection to be used for the method for detecting nucleic acid according to claim 2 
comprises a probe nucleic acid immobilized on a carrier, wherein said probe nucleic acid is capable of 
hybridizing with a nucleic acid to be detected. 

55 

Claims 

1 . A method for detecting nucleic acid including the process of reacting a sample nucleic acid with a probe 
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nucleic acid and analyzing presence or absence of a nucleic acid to be detected-probe nucleic acid hybrid 
in the reaction mixture obtained, comprising the processes of: 

a) reacting a sample nucleic acid with a probe nucleic acid; 

b) applying a label only onto the hybrid formed in the reaction mixture obtained in the process a); and 

c) detecting the hybrid labelled in the process by utilizing said label. 

2. A method for detecting nucleic acid according to claim 1, wherein the probe nucleic acid or the sample 
nucleic acid is immobilized on a carrier, 

3. A method for detecting nucleic acid according to claim 1 or claim 2, wherein the nucleotide chain length 
of the probe nucleic acid is 1/10 or less of the nucleotide chain length of the nucleic acid to be detected. 

4. A method for detecting nucleic acid according to claim 2, wherein plural kinds of probe nucleic acids are 
immobilized at predetermined arrangements on the carrier. 

5. A method for detecting nucleic acid according to claim 2, wherein plural kinds of sample nucleic acids 
are immobilized at the predetermined arrangements on the carrier and reacted with one kind of probe 
nucleic acid in the process a). 

6. A method for detecting nucleic acid according to claim 4, wherein the respective probe nucleic acids 
have nucleotide chain lengths necessary for the hybrid formation reactions in the respective probe nucleic 
acids to proceed under the same conditions. 

7. A method for detecting nucleic acid according to any one of claims 4 to 6, wherein the nucleotide length 
of the probe nucleic acid is 1/10 or less of the nucleotide chain length of the nucleic acid to be detected. 

a A method for detecting nucleic acid according to any one of claims 1 to 7. wherein the nucleic acid to be 
detected has sequences inherent in a gene disease. 

9. A method for detecting nucleic acid according to claim 8, wherein the nucleotide chain length of the 
probe nucleic acid is 100 bases or less. 

10. A method for detecting nucleic acid according to claim 8. wherein the probe nucleic acid fs an 
oligonucleotide with a nucleotide chain length of 25 bases or less capable of detecting the point mutation of 
a gene disease. 

11. An immobilized probe for nucleic acid detection to be used for the method for detecting nucleic acid 
according to claim 2, comprising a probe nucleic acid immobilized on a carrier, wherein said probe nucleic 
acid is capable of hybridizing with a nucleic acid to be detected. 

12. An immobilized probe for nucleic acid detection according to claim 11, wherein plural kinds of probe 
nucleic acids are immobilized at predetermined arrangements on the carrier. 

13. An immobilized probe for nucleic acid detection according to claim 12, wherein the nucleotide chain 
lengths of the probe nucleic acids are 1/10 or less of the nucleotide chain length of the labelled nucleic acid 
to be detected. 

14. An immobilized probe for nucleic acid detection according to claim 12, wherein the respective probe 
nucleic acids have nucleotide chain lengths necessary for the hybrid formation reactions in the respective 
probe nucleic acids to proceed under the same conditions. 

15. An immobilized probe for nucleic acid detection according to claim 12 or 14, wherein the nucleotide 
chain lengths of the plural kinds of probe nucleic acids are 1/10 or less of the average nucleotide chain 
length of the labelled nucleic acids to be detected. 

16. An immobilized probe for nucleic acid detection according to any one of claims 12 to 15, wherein the 
labelled nucleic acid to be detected has base sequence inherent in a gene disease. 

17. An immobilized probe for nucleic acid detection according to claim 12. wherein the nucleotide chain 
lengths of the plural kinds of probe nucleic acids are 100 bases or less, 

18. An immobilized probe for nucleic acid detection according to claim 12, wherein the plural kinds of probe 
nucleic acids are oligonucleotides with a nucleotide chain length of 25 base sequence or less capable of 
detecting the point mutation of a gene disease. 
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